In this work, the fundamental mechanism regarding the collision and pressure induced optic effect is elucidated. Based on the concept of the collision-relaxation/the pressure-release induced optic effect put forth here, a new laser technology may be developed. Furthermore, our work also makes the understanding the photon involved chemical reaction become much clear and rationalized.
Introduction
The interaction between the light and matter has been long standing topics for scientific research. A series of important achievements in the field were made in the past, such as electro-optic effect, magnetic-optic effect and the pressure-optic effect [1] [2] [3] [4] [5] . From the electro-optic effect, the concept of the particle-wave duality of photon was finally founded and accepted by the scientific world [6] , whereas the pressure-optic effect revealed the relation between the refraction/reflection of the indexes and the structure of matter [7] . The establishment of Maxwell equation indicated a milestone progress for us to understand the property of the light and founded the basis of current theory of the light [8] .
And till now, the more and more applications of light have been developed, which is involved in almost every aspects in human life. For instance, the solar energy conversion [9] and electro-optic communication [10] have become the part of essential tools for the daily activity of human being. As part of the effort of scientific world in the field, we carefully reviewed the theory about the interaction between the light and matter. It is found that the understanding about the interaction between the light and the matter is far from perfect yet, not mention to complete. For instance, the pressure-optic effect was noticed experimentally long time ago and discussed extensively in the literatures. Based on the experimental and theoretical works, the relation between the refraction/reflection indexes and the structure of matter has been established [11] . Then the industry just takes over these scientific results and put them into application. However, to my knowledge, few of the publications give perfect answer how the defect in materials influences on the light refraction/reflection indexes of matter and what the role of the impurity in materials is taken during the interaction between the light and the matter. In most cases, we know the experiment only can give the collective results, not individual defect or impurity behaviors in the interaction between the light and the matter, but theoretically, we can explore the detail of the behaviors of the defect and impurity in the matter in the interaction between the light and the matter.
In this work, we select the simplest system, that is, a hydrogen atom to start our discussion. We hope the result in this work can help us understand some fundamental aspects regarding the collision/pressure induced optic effect.
Theoretical Consideration and Discussion
For hydrogen atom, we can start with the ϕ 1s wave function but we put a factor, α, onto the φ 1s wave function to mimic the behavior of the hydrogen atom experiencing the collision or under the pressure, which leads to the wave function contracting.
From the quantum mechanics, we can get 
where E is the total energy of the system; α is the wave function contracting factor; H is the Hamilton operator; ϕ 1s is the wave function of the hydrogen atom at ground state.
From the Equation (1), we find that the energy of hydrogen atom is a function of the pressure or contracting factor, α. The variation of E with the pressure or contracting factor, α, is shown in Figure 1 .
The result in Figure 1 tells us that if the pressure applied is high enough or the wave function contracting in whatever way so great, the energy of the hydrogen atom will become very high, even higher than the energies for ϕ 2s , ϕ 3s , and etc. Now we concern what will happen if we suddenly release the pressure from or free the hydrogen atom. In this case, there are several channels available for this relaxation process.
Channel 1: dissipation energy through emitting infrared photon
For the convenience of our discussion, the different energy levels corresponding to the different main quantum numbers for free hydrogen atom are also marked in Figure 1 . From the Figure 1 , we know that if the starting point of the relaxation of the hydrogen atom located between the second lowest energy level and ground energy level, then we only can observe the infrared photon accompanying the relaxation process of the hydrogen atom.
Channel 2: dissipation energy through emitting the ultraviolet and infrared photons
If the starting point of the relaxation of the hydrogen atom located above the second lowest energy level, then, the hydrogen atom will first experience the down conversion through the vibration energy level by emitting infrared photon, then, the hydrogen atom will meet the electronic energy level, which is above the ground state energy level. Now the hydrogen atom may directly go down to the different lower energy levels (if available) by emitting the ultraviolet and infrared photons.
Channel 3: dissipation energy through the internal energy conversion Even though we talk about the hydrogen atom here, we would like to mention the situation for multi-atoms system, such as molecule, there exists the internal energy conversion from the translational energy to vibration energy and vice versa. However, it doesn't matter in which way the internal energy conversion proceeds, finally, the system still dissipates the energy by emitting the photon (Figure 2 ).
From the discussion above, we find that this kind of wave function contracting, which corresponds to the collision/pressure induced optic effect, has four important aspects for us to pay attention.
Chemical Reaction
For the chemical reaction, we usually divide the chemical reaction into two categories: thermal reaction [12] and optical reaction [13] . When we talk about From the discussion above, we can define this kind of chemical reaction as orbital contracting-induced optical reaction. Due to the increasing pressure of system is the easiest way to cause the orbital contracting, therefore, we also can call this kind of reaction as the pressure-induced optical reaction.
The Chemical Reaction Dynamics Study
From the literatures, a lot of researches about the chemical reaction dynamics are performed based on the molecular beam technique [14] . Conventionally, the molecular beam technique is to study the molecular chemical dynamics by the collision of reactants and the distribution of the products. Based on the molecular beam technique, a lot of chemical reaction mechanisms have been elucidated. However, to my knowledge, one important case has been missing, that is, during the process of collision of two or more molecules/atoms, the chemical reaction may involve in the photon emission/absorption. Simply speaking, the conventional molecular beam technique only discusses the internal energy conversion from the translational energy to the vibration energy and vice versa. Whereas we discussed here is the photon emission/absorption induced by the collision or pressure. In fact, the collision of molecule/atom and applying the pressure onto the system involved in the same fundamental mechanism, that is, the wave function of molecule/atom contracting. For the photon emission induced by molecule/atom collision, it is the translational energy of molecule/atom changes partly to the photon energy, partly to the rotational/vibration energy. We search the literatures, there is no publications regarding the photon emission by the molecule/atom collision reported, whereas for the photon emission induced by the pressure, most of publications only talk about the pressure induced the change of light refraction/reflection indexes, instead of the collision/pressure induced photon emission. In reality, the molecular collision induced photon emission and the pressure induced photon emission are very popular phenomenon around us. For example, if the energy of two hydrogen atoms in collision is high enough, the electron in hydrogen atom may totally be kicked out of the hydrogen atom ( Figure 2) ; if the energy of two hydrogen atoms in collision is not high enough, the electron in hydrogen atom will be kicked from the lower energy level to higher energy level, then, the electron will relax back from the higher energy level to lower energy level, the photon will be emitted. For the pressure induced photon emission, the experiment becomes so easy that even a middle school student can demonstrate it. For example, to hit a piece of match as hard as possible with hammer, then we will observe the photon emission by the naked eye. These phenomena of the collision/pressure induced photon emissions are much easy to observe, therefore, there is no reason for scientific world to ignore it.
The Expectation Value of <r>
From the discussion above, the wave function contracting due to the colli-W.-X. Xu Optics and Photonics Journal sion/pressure will make the total energy of system increase, then, following the system relaxation, the photon will be emitted. We use the contracting factor, α, to describe the wave function in contracting. From the quantum mechanics, we know the expectation distance of the electron from the nucleus can be described by <r>, which is calculable if the wave function is available (Equation (2)).
Therefore, <r> can be used to measure the distance between the atom/molecule in the collision or under the pressure. The <r> ~α relation for hydrogen atom is shown in Figure 3 
where α is the wave function contracting factor; ϕ 1s is the wave function of the hydrogen atom at ground state; <r> is the expectation distance between the electron and nucleus in hydrogen atom.
For example, if we detect the photon corresponding to the transition between the certain energy levels of hydrogen atom, then, we know the closest distance between two hydrogen atoms should be ≤ 2 <r>. Only meeting with this condition, the system can emit the photon corresponding to the transition between the certain energy levels of hydrogen atom. This work here offers a way to mimic the chemical reaction by collision or under pressure and make the energy utilization become more efficient.
The Possibility for Developing New Laser Technique
Here we would like to explore a possibility to develop new laser technology based on the discussion above. In order to make a system lasing, we first have to pump the electron to high energy level and realize the energy level inversely we just need to set the system working in different collision-relaxation or the pressure-release cycle range as we discussed above. Therefore, we can say our work here opens a bright avenue to develop a new laser technology by the collision-relaxation or the pressure-release cycle.
Conclusion
In this work, we take the hydrogen atom as an example to study the wave function contracting and found that the wave function contracting will lead to increase of the total energy of system. If we allow the system to freely relax, under certain condition, the system will emit photon. This kind of wave function contracting can be realized in a simple way, such as the collision among the molecules/atoms or applying the pressure onto the system. The collision-relaxation or the pressure-release induced the photon emission represents an important but different process from the conventional molecular beam technology, which is unreasonably ignored before. This kind of the collision-relaxation or the pressure-release induced the photon emission also offer a new way for us to draw some chemical reaction information, such as the closest distance between the molecules/atoms in reaction. Furthermore, our work here points out a possibility to develop new laser technology by the collision-relaxation or the pressure-release cycle, which will find a wide application in scientific research and industry. Further work in this direction will be presented later.
